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The advent of new chemical genetic tools and high-throughput screening technologies and platforms have already 
led and will continue to lead in accessing the natural product diversity of microorganisms. This thesis represents a 
continuation of the work on the investigation into means of making better use of the advantages of new technologies 
and the OSMAC approach (One Strain Many Compounds) in drug discovery that the Atta-ur-Rahman Research Institute 
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The project focused on the use of microwave in controlling 
drug release from film matrix and modifying skin barrier for 
transdermal drug delivery. With reference to controlled-
release application, the effects of microwave on drug 
release properties of pectin films carrying sulfanilamide 
(P-SN), sulfathiazole (P-ST) and sulfamerazine (P-SM) 
of high to low aqueous solubilities were investigated. 
These films were prepared by solvent-evaporation 
technique and treated by microwave at 80 W for 5 to 
40 min. Their profiles of drug dissolution, drug content, 
matrix interaction and matrix crystallinity were determined 
by drug dissolution testing, drug content assay, differential 
scanning calorimetry, X-ray diffractometry and scanning 
electron microscopy techniques. Microwave was found to 
be able to increase the matrix amorphousness. However, 
the strength of matrix interaction was accordingly 
increased thereby lowering the drug release propensity 
with a greater retardation extent in P-SN films. A gain 
in amorphous structure did not necessarily increase the 
drug release of film. Microwave can possibly retard drug 
release of pectin film carrying water-soluble drug through 
modulating its state of matrix interaction. In the case of 
skin barrier modification by microwave, the mechanism 
of microwave enhancing transdermal permeation of drug 
from film through its action on skin was investigated. 
The transdermal drug delivery profiles of pectin film 
was evaluated against pectin gel with reference to the 
influences of microwave, as well as chemical permeation 
enhancer namely oleic acid on skin. Hydrophilic P-SN films 
and gels, with or without oleic acid (OA), were prepared 
and subjected to drug release and skin permeation 
studies. The skins were untreated or microwave treated, 
and characterized by infrared spectroscopy, raman 
spectroscopy, thermal, electron microscopy and histology 
techniques. Skin treatment by microwave at 2450 MHz for 
5 min promoted drug permeation from OA-free film without 
incurring skin damage. Skin treatment by microwave 
followed by film loaded with drug and OA resulted in 
permeation of all drug molecules that were released from 
film. Microwave exerted spacing of lipid architecture of 
stratum corneum into structureless domains which was 
unattainable by OA. It allowed OA to permeate stratum 
corneum and accumulate in dermis at a greater ease, 
and synergistically inducing lipid/keratin fluidization at 
hydrophobic CH and hydrophilic O-H, N-H, C-O, C=O, 
C-N regimes of skin, and promoting drug permeation. 
Unlike solid film, skin treatment by microwave at 2450 
MHz for 5 min demoted drug permeation from pectin 
gel. Formulation of gel with OA as penetration enhancer 
resulted in a greater reduction extent in drug permeation. 
Both OA and microwave exerted lipid/keratin fluidization 
at hydrophobic and hydrophilic regimes of skin. Using gel 
with freely soluble pectin molecules instead of solid film 
with entangled chains, these polymer molecules could 
interact with epidermis and dermis via hydrogen bonding 
to retard drug permeation. In comparison to microwave 
which fluidized stratum corneum into structureless 
domains, OA could extract endogenous lipid fraction and 
form separate phases within intercellular lipid lamellae. It 
provided a more extensive intercellular space for binding 
of pectin with skin, thereby remarkably decreasing drug 
permeation. The physical forms of a delivery system can 
exert opposite influences on transdermal drug permeation 
modulated by microwave or OA.
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of Natural Product Discovery (RiND) at MARA University 
of Technology has engaged in. The result of this thesis 
is the MECSUS (Microtiter plate, Elicitors, Combination, 
Solid phase extraction, UHPLC, Statistical analysis) 
protocol. It involves miniaturized parallel fermentations 
in 96-well microtiter plate with up to ninety six different 
media, parallel extraction of the supernatant layer of the 
fungus via a polymer based solid phase extraction (SPE) 
plate, chromatographic assessment of the results via 
UHPLC, and multivariate analysis of the chromatograms.
The aforementioned protocol introduces elements of 
incremental novelty in the natural product screening 
program by means of combining and harnessing existing 
ideas, techniques, and technologies into a protocol for 
the implementation of the OSMAC approach at micro-
scale. Its main advantage is the decrease of the scale of 
operation with the use of the 96-well microtiter plates. It’s 
benefits includ the possibility of overcoming few issues 
such as processing time and human resources that have 
somewhat hampered the implementation of the OSMAC 
approach and/or the systematic study of a large library of 
microorganisms. As a proof of concept for the MECSUS 
protocol, further evaluation on the metabolic potential of 
the already known fungus, Aspergillus sp. HAB10R12, 
was carried out through systematic alteration of the 
composition of the cultivation media by adding minerals 
and epigenetics elicitors. Computational analysis of 
the resulting 384 UHPLC chromatograms showed that 
the secondary metabolite production of Aspergillus 
HAB10R12 was altered by the use of sub-inhibitory 
concentrations of epigenetic elicitors. Various doses 
of the epigenetic modifiers suberoylanilide hydroxamic 
acid (SAHA), valproic acid, sodium butyrate, and SAHA 
+ S-adenosylhomocysteine stimulated Aspergillus 
HAB10R12 secondary metabolite production.Chemical 
characterization of Aspergillus HAB10R12 extract, UV 
and Mass values, confirmed the identity of the series of 
peptides and pyrones previously identified, and revealed 
that the fungus extract is rich in compounds that potentially 
exceed the ones listed above. Cytotoxicity tests revealed 
the crude extract as well as the purified metabolites of 
Aspergillus HAB10R12 are potent cytotoxic compounds.
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Institutions of higher education have been pressed by the 
industry practitioners to produce quality graduates who 
are ready to compete in the competitive job market locally 
and globally. Graduates, especially in the technical field 
are perceived as strong in their technical skills but are 
lacking in non-technical or soft skills that would enable 
them to use their technical skills most effectively. Thus, 
it is vital to integrate the soft skills in the teaching and 
learning process especially in the realm of engineering 
in order to further enhance the students’ ability in 
non-technical. The expected outcome would be the 
production of well-rounded engineering graduates with 
first class mentality as envisioned by the government. 
This empirical study attempts to craft a richer description 
and understanding of how soft skills are integrated 
into the teaching and learning of the formal curriculum 
focusing on technical courses at a private university in 
Malaysia. The study was based on both quantitative 
method, utilizing questionnaire survey and qualitative 
methods through document analysis and focus group 
interviews. Perspectives from both the educators and 
students were sought. The questionnaire survey was 
aimed at providing an overall pattern of the participants’ 
approaches and views on the integration while document 
analysis and focus group interviews presented the 
complementary details behind their reasons. Data for this 
study was obtained from 90 engineering lecturers, 300 
final year engineering undergraduates and document 
from 84 engineering courses. The results of the study 
indicate that the most pertinent teaching approaches 
to be employed in integrating soft skills for technical 
courses are the student-centered teaching methods. 
The study also reveals that the lecturers place a great 
deal of emphasis on critical thinking and problem solving 
skills as well as communication skills which are crucial 
skills for engineers. However, the efforts taken by the 
lecturers in integrating soft skills were not obvious to 
the students. The incongruence in the lecturers and 
students’ perceptions was captured on the integration 
of critical thinking and problem solving skills (p-value 
= .000), leadership skills (p-value = .001), lifelong 
learning and information management (p-value = 
.021), communication skills (p-value = 0.011), and self-
awareness and ethics (p-value = .001). The findings 
of the study have drawn attention to the importance of 
paying heed to how students’ ability in soft skills are 
developed by the educators on their teaching since 
most of students’ learning time is devoted to their core 
courses. The findings also acknowledge the contributions 
of educators with industry experience to the development 
of students’ soft skills abilities. This research offers a 
novel perspective on soft skills development at higher 
education level. Pedagogical implications from this study 
focus on teaching approaches, staff and professional 
development, curriculum development, as well as soft 
skills development.
